The shear strength of coarse-grained soil is usually measured through a large-scale direct shear test. However, the dynamic change of the shear surface during the test has an effect on the calculation of the shear strength of coarse-grained soil. This paper put forward the formula for the dynamic shear area, determined the dynamic shear area of the DHJ50-2 type superimposed ring shear test machine with the formula and carried out error analysis. In this paper, the shear strength tests of four kinds of homogeneous coarse-grained soils with different particle sizes in Nyang River Valley were carried out, and the shear strength was corrected with the dynamic shear area. The results showed that, for the DHJ50-2 type superimposed ring shear test machine, there was 15.10% error between the shear area with maximum shear displacement and the unchanged one; both the peak shear stress and internal friction angle of four kinds of coarse-grained soil were higher after correction while the cohesiveness of most coarse-grained soil decreased; and after correction, the peak shear stress of most samples was backward with the shear displacement.
Introduction
Coarse-grained soil is a natural building material with wide distribution, rich reserves and good engineering performance [1] . The sandstone gravels are mostly distributed in the southeast of Tibet, and the foundation of hydraulic engineering, regional roads, and roadbeds for houses as well as slope protection and treatment projects are all based on coarse-grained soils. The accuracy of shear strength is directly related to the safety, economy and rationality of engineering design and construction [2] . Therefore, the accurate determination of shear strength is particularly important. Direct shear test and triaxial test are common methods for measuring the shear strength of coarsegrained soil. The direct shear test is widely used in scientific research and engineering due to its simple principle, convenient operation, and low cost [3] [4] [5] [6] [7] . In Chinese current《Specification of Soil Test》(SL 237-1999) [8] , the shear area keeps constant during the direct shear test. However, during the direct shear test, as the shear displacement increases, the upper and lower shear boxes are shifted and the effective area of the sheared soil is dynamically reduced. The constant shear area treatment has certain influence on the ultimate shear strength. Some researchers have also pay attention to the dynamic change of the effective shear area during the direct shear test [2, 3, [9] [10] [11] [12] . The author put forward the effective shear area formula with the dynamic change of shear displacement through two parameters, including shear displacement and shear box diameter. The effective shear area of the DHJ50-2 ring shear tester was dynamically determined, and shear strength tests were performed on four single-grained coarse-grained soils collected from the YarluZangbu River-Nyang River Valley, and corrected shear strength was analyzed by comparing to the uncorrected one.
Direct Shear Test Principle and Dynamic Shear Area Formula

Direct Shear Test Principle
The direct shear test acts on the soil through the shear plane in the horizontal direction. The test principle is shown in Figure 1 . (1) In the formula: t -Soil shear strength (kPa) , σ -Normal stress acting on the shear surface of the soil (kPa) , φ -Friction angle of the soil (°) , c -Cohesion of the soil (Coarse-grained soil is called bite force or structural force) (kPa).
Dynamic Shear Area Calculation Formula
The dynamic change of the shear plane during direct shear test is shown in Figure 2 , which is the horizontal projection of Figure 1 . During the test, the upper shear box is fixed in the horizontal direction. At the beginning of the test, the lower shear box has not yet been displaced, and the upper and lower shear boxes overlap with a circular shear plane. As the experiment continues, the lower scissor box is gradually moved, the upper and lower scissor boxes are staggered, and the shear plane becomes the intersecting area of two circles, which is the non-shaded portion in Figure 2 . When the shear displacement is large, the change of shear area is considerable. If the shear strength of the soil sample is calculated with the initial area, there will be an error. In order to eliminate the error caused by the unreal shear area, the shear area calculation formula of the dynamic change is derived as follows in combination with Figure 2 :
In Figure 2 , y is the horizontal displacement of the lower scissor box, R is the radius of the upper and lower scissor box, and the non-shaded part in Figure 2 (7) and (8) into (6): 1 2 2 2 2 4 (5) and (9) into (2) (10) Equation (10) is the calculation formula of the dynamic shear area of the soil sample during the direct shear test.
Dynamic Shear Area Calibration and Error Analysis of DHJ50-2 Stacked Shear Tester
The test adopts DHJ50-2 Stacked Shear Tester with the maximum allowable shearing displacement 60mm, and the sample size is Ф504.6mm×H400mm, . The dynamic shear area of the testing machine is calibrated with equation (10) . The calculation results are shown in Table 1 . It can be seen from Table 1 that, when the maximum shearing displacement reaches 60 mm, the shearing area decreases by 15.10%, and the impact on the shear strength calculation has been considerable.
Shear Stress Calculation Correction and Shear Strength Test Analysis
Shear Stress Calculation Correction
In the direct shear test, the normal stress acting on the sheared soil sample does not increase [11] . For the DHJ50-2 stack ring shear tester, when the upper shear box and the lower shear box are staggered by 60mm in the direct shear test, the staggered upper shear box soil acts on the widened steel plate at the edge of the lower shear box within the range of the edge steel plate. The area under vertical pressure does not change, and the normal stress also keeps constant if stress deflection is not considered. The small friction between the soil sample and the steel plate can be neglected. The shear stress of the soil sample acts on the shear surface of the intersecting part of the upper and lower boxes, and the shear area gradually decreases with experiment continuing. If the shear stress is still calculated with the original area, there will be an error. Based on the above reasons, the calculation of the shear stress needs to be corrected with formula (10) .
The shear stress correction formula is: 
In the formula:
' t is the corrected shear stress value (kPa), F is the vertical load value (kN).
Shear Strength Test Analysis
The coarse-grained soil collected in the Nyang River Valley was sieved to keep the dry density of 1660 kg/m 3 , and the soil samples were evenly filled three times. The DHJ50-2 stack ring shear tester is used for the four single-grained, non-water-containing coarse-grained soils. With equal strain loading, the test results are shown in Table 2 . The shear strength is calculated with formula (11), and the results are shown in Table 3 . The comparison curves of the shear strength before and after correction are shown in Figure 3 coarse-grained soil before and after correction. coarse-grained soil before and after correction. coarse-grained soil before and after correction. coarse-grained soil before and after correction.
Analysis of the results in Table 2 and Table 3 indicates that, before correction, the internal friction angle increases with the increase of the particle size of soil samples, which is consistent with the conclusion in [13] . Shear stress is also in line with this trend. Table 3 Calculation results of shear strength of four kinds of homogeneous coarse-grained soils with different particle sizes in Nyang River Valley before and after correction. Some domestic and foreign researchers have proposed the concept of nonlinear shear strength for coarse-grained soil [14] [15] [16] [17] . The results show that the coarse-grained soil conforms to Coulomb's law under low vertical loads, and it is feasible to to analyse the shear strength of coarse-grained soil with Coulomb's law. Combined with the shear strength correction data in Table 3 and the analysis of Figure 3-Figure 6 , it can be seen that the corrected internal friction angles of the four kinds of coarse-grained soils are all increased compared with those uncorrected, and the corrected cohesiveness of three kinds of particle sizes are reduced, with that of smaller coarse-grained soil of 0.5mm-1.0mm particle size reducing significantly after correction.
Shear Stress-Shear Displacement Curve Analysis
According to the data collected in the experiment, the relationship between the shear stress and the shear displacement before and after the correction is plotted, as shown in Figure 7-Figure 10 . Figure 7 Curve of shear stress-shear Figure 8 Curve of shear stress-shear displacement of 0.5-1mm coarse-grained displacement of 5-10mm coarse-grained soil before and after correction.
soil before and after correction. Figure 9 Curve of shear stress-shear Figure 10 Curve of shear stress-shear displacement of 10-20mm coarse-grained displacement of 40-60mm coarse-grained soil before and after correction.
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soil before and after correction. It can be seen form Fig 7-Fig 10 that , with the increase of shear displacement, the shear strength of coarse-grained soil increases rapidly. After entering the peak shear strength region, there is a yield stage similar to steel. The smaller coarse-grained soil of 0.5mm-1mm gets hardening in the later period, and the shear strength continues to increase with the increase of shear displacement. Under the higher stress of 300kPa and 400kPa, the corrected shear strength shows more obvious hardening with the change of shear displacement. At the maximum displacement, the highest shear strength is achieved. In the other three groups with larger particle sizes, after the peak yield stage, softening occurs and the shear strength gradually decreases. The shear strength under the vertical load at all levels is improved after the correction, and the increase is related to the change of the shear area caused by the shear displacement. The smallest grain size of coarse grain soil is 0.5mm-1.0mm, and at the maximum shear displacement of 60mm, the corrected shear strength was improved by 17.1% compared with that before correction; with the increase of particle size, the shear stress fluctuates more severely; the peak of corrected shear strength of the coarse-grained soil with four particle diameters is improved; the peak shear stress changes with shear displacement. After correction, the shearing stress at the peak shear stress of coarse-grained soils with most of the grain size is larger than that before correction, resulting in a backward shift. The statistics of the transitions are shown in Table 4 . Note: 1-indicates that the peak of corrected shear stress is larger than the uncorrected one, resulting in a backward shift. 0-indicates that the peak of corrected shear stress is the same as the uncorrected one, and there is no shift.
Conclusions and Discussion
(1) The calculation formula of dynamic shear area during the direct shear test was derived, and the dynamic shear area of the soil sample with the change of shear displacement of the DHJ50-2 stack ring shear tester was analyzed with the formula. The analysis showed that soil shear area at the maximum shear displacement decreased by 15.1% from the initial area. If the shear stress is calculated based on the initial shear area, there will be a big error.
(2) Direct shear tests were performed on 4 single-grained coarse-grained soils in the Nyang River Valley. The corrected calculation of shear stress was performed with the dynamic shear area formula. The shear stress and shear displacement before and after the correction were compared and analyzed. The results showed that the corrected peak shear stress was higher than the uncorrected one, and the internal friction angle was improved. The cohesiveness (biting force) of most particles decreased, and that of smaller particles decreased significantly; after the correction, the shear displacement of most coarse-grained soils when the shear stress achieved the highest was shifted back; with the increase of particle size, the shear stress fluctuated more violently; the smallest coarse-grained soil with 0.5mm-1 mm particle size became hardening, and the peak shear stress after correction was achieved at the maximum shear displacement. For soil samples with large particle sizes, there was softening. After the peak of shear stress, the shear strength gradually decreased with increasing shear displacement.
(3) From the curve of shear displacement-shear stress, the peak shear stress occurs during a region. With the increase of particle size, the shear stress jumps very much and has a certain chance. Taking the maximum extreme point directly as the shear strength under the vertical load has certain irrationality. Whether to take the average value of the shear strength within a certain range of the peak region requires further study.
(4) The shear strength of coarse-grained soil before correction is conservative, which is more secure for the project, and there is also a lack of economy.
(5) The mechanism of the hardening of smaller coarser-grained soil and the softening of larger coarse-grained soil requires further study.
(6) The change and mechanism of the friction and bite among particles during the destruction of coarse-grained soil requires further study.
